
March 17, 2008
Office of Research and Development
National Center for Computational Toxicology

HESI SOT Luncheon
Seattle Washington

EPAs ToxCast Research Program: 
Developing Predictive Bioactivity 
Signatures for Chemicals



1Office of Research and Development
National Center for Computational Toxicology

Current Approach for Toxicity Testing

Cancer
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Too Many Chemicals Too High a Cost

Cancer

DevTox

NeuroTox

ReproTox

ImmunoTox

PulmonaryTox
Millions $

Putting Numbers on the Problem

1
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10000
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Data Collection

IRIS
TRI
Pesticide Actives
CCL 1&2
Pesticide Inerts
HPV
MPV Current
MPV Historical
TSCA Inventory

11,000

90,000

…and not enough data.
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“ …to integrate modern computing and information 
technology with molecular biology to improve 
Agency prioritization of data requirements and risk  
assessment of chemicals”

www.epa.gov/ncct
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Future of Toxicity Testing

Bioinformatics/
Machine Learning

in silico analysis

Cancer

ReproTox

DevTox

NeuroTox

PulmonaryTox

ImmunoTox

HTS 
-omics

in vitro testing

$Thousands

EPAs Approach:  The ToxCast Research Program
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Transforming Toxicology

Science, Feb 15, 2008
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Phased Development of ToxCast 

FY09$15-20k>400Validation
Data Rich 
Chemicals>300IIa

FY09$15-20k>400ExtrapolationKnown Human 
Toxicants

>100IIb

???

>400

>400

Number of 
Assays

Data poor

Expanded 
Structure and Use 

Diversity

Data Rich
(pesticides)

Chemical 
Criteria

FY11-12

FY10

FY07-08

Target
Date

$10-15k

$15-20k

$20k

Cost per 
Chemical

Prediction and 
Prioritization

Extension

Signature 
Development

PurposeNumber of 
Chemicals

Phase

ThousandsIII

>300IIc

320I

�Affordable science-based system for categorizing chemicals
�Increasing confidence as database grows 
�Identifies potential mechanisms of action
�Refines and reduces animal use for hazard ID and risk assessment
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ToxCast Website: www.epa.gov/ncct/toxcast
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Key Components of a Proof of Concept

• Assays covering Toxicity Pathways

• Chemicals

• Linkage to Traditional Phenotype Findings

• Data Analysis and Interpretation
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The ToxCast Team

www.epa.gov/ncct/toxcast
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The Chemicals
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309 Unique Structures

Replicates for QC

291 Pesticide Actives
9 Industrial Chemicals
8 Metabolites

56/73 Proposed Tier 1 
EDSP

14 HPV
11 HPV Challenge

Chemical Classes in ToxCast_320
CHLORINE
ORGANOPHOSPHORUS
AMIDE
ESTER
ETHER
PYRIDINE
FLUORINE
CARBOXYLIC ACID
PHENOXY
KETONE
TRIAZINE
CARBAMATE
PHOSPHOROTHIOATE
PYRIMIDINE
BENZENE
ORGANOCHLORINE
AMINE
PYRETHROID
SULFONYLUREA
TRIAZOLE
UREA
IMIDAZOLE
NITRILE
ALCOHOL
CYCLO
PHOSPHORODITHIOATE
THIOCARBAMATE
ANILINE
THIAZOLE
DINITROANILINE
OXAZOLE
PHOSPHATE
IMINE
NITRO
PHENOL
PHTHALIMIDE
PYRAZOLE
SULFONAMIDE

Misc (<4 members)
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Mode-of-Action Classes in ToxCast_320

MOA Classes with 
> 3 chemicals

Misc MOA classes with
3 or fewer representatives

Acetylcholine esterase inhibitors
conazole fungicides
Sodium channel modulators
pyrethroid ester insecticides
organothiophosphate acaricides
dinitroaniline herbicides
pyridine herbicides
thiocarbamate herbicides
imidazolinone herbicides
organophosphate insecticides
phenyl organothiophosphate insecticides
aliphatic organothiophosphate insecticides
amide herbicides
aromatic fungicides
chloroacetanilide herbicides
chlorotriazine herbicides
growth inhibitors
organophosphate acaricides
oxime carbamate insecticides
phenylurea herbicides
pyrethroid ester acaricides
strobilurin fungicides
unclassified acaricides
unclassified herbicides

Misc

Classification based on OPPIN
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The Toxicity Data
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ToxRefDB: Capturing the Legacy Data

• Chemical & Toxicity 
Coverage

• Source Data

• Database

• Applications

STUDY TYPE: Combined chronic toxicity/oncogenicity feeding – Rat  
     OPPTS 870.4300 [§83-5] 
DP BARCODE: D257223 SUBMISSION CODE: S564270 
P.C. CODE: 111901 TOX. CHEM. NO.: 497AB 
            
TEST MATERIAL (PURITY): Imazalil (purity 97.4%) 
 
CITATION: Van Deun, K.  1999.  Combined oral chronic toxicity/carcinogenicity study with Imazalil in the SPF Wistar rat.  Dept. Toxicology, Janssen Resear
Foundation, 2340 Beerse, Belgium.  Laboratory report number, 3817, June 8, 1999.  MRID 44858001. Unpublished. 
 
EXECUTIVE SUMMARY: 
 
In a chronic toxicity/oncogenicity study (MRID 44858001), Imazalil (97.4% a.i.) was administered in the diet to groups of 50 male and 50 female Hannover 
substrain (SPF) Wistar-derived rats at concentrations of 0, 50, 200, 1200, or 2400 ppm (equivalent to 0.0, 2.7, 10.8, 65.8, and 134.8 mg/kg/day for males and 
3.6, 14.6, 85.2, and 168.8 mg/kg/day for females) for two years.  All rats were observed daily for clinical signs of toxicity and morbidity, weighed weekly, and food 
consumption monitored biweekly.  Blood and urine samples were collected after 6, 12, and 18 months of treatment and at study end.  Surviving rats were 
sacrificed after 104 weeks of treatment.  All rats were necropsied and the tissues and organs inspected grossly and microscopically for toxicity-related effects and 
the carcinogenic potential of Imazalil. 
 
Male and female rats in the 1200 ppm and 2400 ppm groups had slightly increased RBCs and slightly decreased MCVs and MCHs that reached 
significance at most measurement intervals.  The differences, however, were within 6% of controls and the historical control limits for rats of this age, sex, and 
species.  No significant treatment-related effects of biological relevance were found for most clinical chemistry parameters.  However, plasma triglyceride and the 
activities of ALKP, AST, and ALT of male rats in the 2400 ppm group and female rats in the 1200 and 2400 ppm groups were often statistically decreased
remained within historical control limits.  The effects were considered related to malnutrition.  
 
The effect of treatment on the liver (males and females) and thyroid (males only) were confirmed microscopically, but had distinct sex-related etiologies.  The 
incidence of clear cell and basophilic foci was equivocal while eosinophilic foci were significantly increased for male rats in the 2400 ppm group.  In female rats of 
the 2400 ppm group, the incidences of clear cell and basophilic foci were significantly decreased but the incidence of eosinophilic foci was unaffected.  Also, the 
incidence of hepatocyte fatty vacuolation was increased only in male rats of the 1200 ppm and 2400 ppm groups while the incidence of pigmentation
increased only in females of the 200, 1200, and 2400 ppm groups.  In addition, the location of hepatocellular hypertrophy was distinctly different.  
the 1200 and 2400 ppm groups had significant increases in centriacinar and periacinar hypertrophy while male rats only had centriacinar hypertrophy
the incidence of thyroid follicular cell hyperplasia was increased only in male rats of the 1200 and 2400 ppm groups.  
 
The lowest observe d adverse effect level (LOAEL) for male and female rats was 1200 ppm (65.8 and 85.2 mg/kg/day, respect ively) with a 
corresponding no observed adverse effect level (NOAE L) of 200 ppm (10.8 mg/kg/day males, 14.6 mg/kg/day  females).  These are based on the ef
found on body weight, weight gain, and the macro- and micros copic effects noted in the liver of all rats and th e thyroid of male rats. 
 
Male rats had a significant increase in the incidence of hepatocellular adenomas and thyroid follicular neoplasia while no increase was found for female rats.  
These results indicate a difference in the disposition of Imazalil between the sexes increases hepatic and thyroid neoplasia in male rats, likely through differences 
in metabolic activation of the test material. 
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Extraction of DER information
Study Design

Chemical Info

Treatment 
Group Info

Treatment-
related Effects

Endpoint/
Critical Effects
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Rodent 
SubchronicRat MultiGen Mouse CancerRat Chronic/

Cancer
Rabbit DevelRat Devel

235
268 264

273

230

73 76

233

278
266

Data Entry Status
ToxCast Phase I Chemicals Only

Total: 291 Pesticides

Current as of February 8, 2008

270
280
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• Created directly from ToxRefDB output
• Combination of:

– Chemical (CAS No. & Chemical Name)

– Effect
• Study Type (Chronic, Multigeneration, Developmental)
• Species (Rat, Mouse, Rabbit)
• Effect Type (Body weight, Clinical Chemistry, Hematology, Pathology, etc.)
• Effect Target (Target-organ, ALT, AST, ALP, Cholesterol, etc.)
• Effect Description (Increase, Decrease, Hypertrophy, Hyperplasia, Adenoma)
• Aggregated Effects – Collection of related individual effects

– LED (Lowest Effective Dose)
• Not used as regulatory term
• Minimum dose of observed effect

Chemical Classification

C
he

m
ic

al
s

Effects
(StudyType_Species_EffectType_Target_Description)

LED
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Summary Statistics
Subchronic Rat, Chronic/Cancer Rat, and Cancer Mouse Studies

Chemicals Studies
Treatment 

Groups

Treatment 
Groups 

with Effects
Effectsa

Critical 

Effectsb

Total 334 831 9,466 4,431 31,427 4,865
Subchronic Rat 236 251 2,179 1,370 11,796 1,739

Chronic/Cancer Rat 281 300 4,228 1,721 12,215 1,822
Cancer Mouse 266 280 3,059 1,340 7,416 1,304

(a) - Total number of effect type, target, and description combinations assigned to any treatment group 

(b) - Effects that are criteria for establishing the systemic LOAEL

>9,000 Treatment groups
46% with at least one effect

31,000 Total effects
~5,000 Total Effects at the LED  
~1,300 Different types of effects
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$400 Million Dollars Worth of In Vivo Chronic/Cancer 
Bioassay Effects and Endpoints 

Effects & Endpoints

T
ox

C
as

t P
ha

se
 I 

C
he

m
ic

al
s
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Common Phenotypes in 
Chronic Rodent Studies 
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The HTS Assays
and Toxicity Pathways
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The Home of TFomics TM

attageneattageneattageneattagene

Nine contracts provide chemical procurement; hundreds of 
biochemical, cellular, tissue and genomic assays; model 

organisms; and the capacity to screen up to 10,000 chemicals 

ToxCast Contracts for Generating HTS 
and Genomics Data

Compound Focus, Inc.
a subsidiary of

Receptors, 
Enzymes

Cell 
Signaling

Cell 
Function

Transcription 
Factors

Alternative 

Species
In vitro

Genomics

Metabolic
Transformation

Cell 
Function
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The Deluge of Data has Started……..

0 100000 200000 300000 400000 500000 600000 700000 800000

ACEA

Attagene

BioSeek

Cellumen

EA

IVAL

NovaScreen

Phylonix

NCGC

Gentronix

Datapoints

March, 2008

☻☻☻☻ Data acquisition completed; ☼☼☼☼ Concentration response follow up underway

☻

☻
☻

☼☼☼☼

☼☼☼☼

☻
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ToxCast Biochemical Assays

• NovaScreen/Caliper 
LifeSciences

• 200+ Assays
• Variety of assay 

technologies:
–Receptor binding
–Enzyme inhibition
–Microfluidic
–Fluorescent
–Radioligand
–Colorimetric 

Types of Assays

GPCR

Kinase
Phosphatase

Protease

Nuclear receptor

CYP450

Ion channels

Other enzymes 

Transporter

GPCR

Kinase

Phosphatase

Protease

Nuclear receptor

CYP450

Ion channels

Other enzymes 

Transporter
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Transporter

GPCR

Enzyme, other

Ion channel

NR

Kinase

CYP450

Phosphatase

Protease

201 A
ssays

320 Chemicals

Activity (% of Control)
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Examples of Chemical Activity Patterns
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Example Biochemical Assay Results 
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PPARα

ERE, 
ERα

Fold Induction (log 2)

Hierachical Cluster Attagene Results

{

VDRE, 
PXR, 
PXRE

DR5, 
RARβ,
RARα, 
RARγ,

BRE,     
AP1,  
NRF2/ARE

32
0 

C
he

m
ic

al
s

RTUs

64 Transcription Factors
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Evolution of Phase I

• ToxCast 1.0 (April, 2007)
– Enzyme inhibition/receptor binding HTS (Novascreen)
– NR/transcription factors (Attagene, NCGC)
– Cellular impedance (ACEA)
– Complex cell interactions (BioSeek)
– Hepatocelluar HCS (Cellumen)
– Hepatic, renal and airway cytotoxicity (IVAL)
– In vitro hepatogenomics (IVAL, Expression Analysis)
– Zebrafish developmental toxicity (Phylonix)

• ToxCast 1.1 (January, 2008)
– Neurite outgrowth HCS (NHEERL)
– Cell proliferation (NHEERL)
– Zebrafish developmental toxicity (NHEERL)

• ToxCast 1.2 (March, 2008)
– Organ culture: liver, kidney, lung (Hamner Institutes)
– HTS Genotoxicity (Gentronix)
– Toxicity and signaling pathways (Invitrogen)
– NR Activation and translocation (CellzDirect)
– 3D Cellular microarray with metabolism (Solidus)

+5 Assay Sources
& 32 Endpoints

+3 Assay Sources
& 16 Endpoints

8 Assay Sources
& 412 Endpoints

16 Assay Sources, 460 Endpoints
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Analysis and
Interpretation
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ToxCast Phase I Data Matrix

T1

Toxicity 
Endpoints

… TN

CN

…

C3

C2

C1

SN…S1CN…C1AN…A1PN…P1

Gene 
Expression 
Signatures

Cellular
Assays

In-vitro / 
Biochemical 
Assays

Physico-
Chemical 
Properties

Chemical

Chemical HTS HCS Genomics ToxRefDB

Data is both quantitative and categorical
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ACToR: Aggregated Computational Toxicology Resource

Assay GenomicsDevToxDB ToxMiner

Tabular Data,
Links to Web 
Resources Specialized Toxicology Databases

MicroArray
Data

Data 
Mining

BioRefDB

Biological 
Reference 
Data

Chemical ID, 
StructureChemical

Internet 
Searches

ACToR API

ToxRefDB …

ACToR Web 
Browser
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Does Overall In Vitro Activity Signify 
In Vivo Toxicity?
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Comparing Activities by Chemical Class

One Chemical 
Class vs. 
NovaScreen 
Assays
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Chemical 1 1 1 1 1 1 0 1 0 0 1 0 0
Chemical 2 1 1 1 1 1 0 0 1 1 0 0 0
Chemical 3 1 1 1 0 1 0 0 0 1 1 1 0
Chemical 4 1 1 0 0 0 0 0 0 0 1 0 0
….. 1 1 1 0 1 1 0 1 1 NA 1 1
….. 1 1 1 1 1 0 1 1 1 NA 1 0
….. 1 1 1 1 1 1 1 1 1 1 1 1
….. 1 1 1 1 0 0 0 0 0 NA 0 0
….. 1 0 1 1 0 1 1 0 1 1 0 0
….. 1 1 1 1 1 1 1 1 1 NA 1 1
….. 1 1 1 0 0 0 0 1 0 NA 0 1
….. 1 1 1 0 1 1 0 1 0 1 1 0
….. 1 1 0 1 1 1 1 0 0 1 0 1
….. 1 0 0 1 0 1 1 0 0 0 0 0
….. 1 1 1 1 1 1 0 1 1 1 1 1
Chemical 16 1 1 1 1 0 1 1 0 0 NA 0 0
Totals 16 14 13 11 10 9 8 8 8 8 7 6
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Association Analysis / Signatures

• Use Machine Learning methods

– SLR: Stepwise Logistic Regression

– LDA: Linear Discriminant Analysis
– SVM: Support Vector Machines

– Many others

• For each binary endpoint, build models of form
– Predictor = F(assay values)

– If 

• Predictor for a chemical meets criteria
– Then 

• Predict endpoint to be positive for the chemical

Assay 1

Assay 2

LDA

TNFN

FPTP

Truth

Test

+

-

+             -
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Pesticide MOA as Endpoint

MOA Chemicals Positives Sensitivity Specificity PPV NPV Accuracy
thiocarbamate herbicides 303 6 1.00 0.99 0.70 1.00 0.99
dinitroaniline herbicides 303 7 1.00 0.98 0.61 1.00 0.99
Sodium channel modulators 303 11 0.90 0.97 0.51 1.00 0.93
pyrethroid ester insecticides 303 10 0.65 0.98 0.62 0.99 0.81
conazole fungicides 303 13 0.65 0.97 0.52 0.99 0.81
pyridine herbicides 303 6 0.60 0.99 0.67 0.99 0.79
Sodium channel modulators 303 11 0.60 0.98 0.53 0.99 0.79
conazole fungicides 303 13 0.50 0.98 0.53 0.98 0.74
Acetylcholine esterase inhibitors 303 27 0.50 0.97 0.66 0.96 0.74
Acetylcholine esterase inhibitors 303 27 0.52 0.95 0.57 0.96 0.73
pyrethroid ester insecticides 303 10 0.50 0.95 0.32 0.98 0.73
organothiophosphate acaricides 303 9 0.00 1.00 0.00 0.98 0.50
organothiophosphate acaricides 303 9 0.00 1.00 0.00 0.98 0.50
pyridine herbicides 303 6 0.00 1.00 0.00 0.98 0.50
thiocarbamate herbicides 303 6 0.00 1.00 0.00 0.98 0.50
dinitroaniline herbicides 303 7 0.00 0.99 0.00 0.98 0.49

Input variables:  NovaScreen, Attagene, Bioseek and physical chemical properties
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Beyond the Proof of Concept

Chemicals

ToxCast_320
HTS

Assay DataToxRef in vivo
bioassay data

Phase II
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Moving Forward

• Completion of Data Acquisition and Data Mining for Phase I

• Publication and Public Release of all Data

• OECD Molecular Screening Initiative

• Data Summit, Fall 2008

• Enlargement

– Assay partners testing ToxCast_320

– Analysis partners of Phase I data

– Resource partners could help expand Phase II  

• Related Talks
– David Dix ; Use of Genomics Data at the U.S. EPA for Predictive and 

Mechanistic Toxicology (Abstract #596), Monday March 17, 3:45pm , Room 
611

– Keith Houck ; EPA's ToxCast Program for Predicting Hazard and Prioritizing 
Toxicity Testing of Environmental Chemicals, Wednesday March 19, 2:39pm , 
Room 6A.


